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The results which follow the injection of toxic proteoses in normal 
and immune dogs have been reported in a  previous communication. 1 
The  proteose  material  was  obtained  from  intestinal  obstruction  or 
from closed loops of the intestine.  The present paper deals with the 
reaction  which  develops in  the  dog  following intestinal  obstruction 
of  a  certain  type  or  the  isolation  of  closed  intestinal  loops.  It  is 
clear  that  the  curves  of  nitrogen  elimination  show  the  same  high 
rise above normal following intestinal  obstruction as recorded above, 
as after  an  injection  of  a  toxic  proteose.  We  have  long  believed 
that  the  intoxication  associated  with  isolated  intestinal  loops  and 
intestinal  obstruction  is  due  to  the  absorption  from  the  intestinal 
mucosa  of  a  toxic  proteose  similar  to  the  proteose  which  can  be 
isolated  from  the  closed  loops  or  obstructed  intestine.  These  ex- 
periments  give  further  support  to  this  belief,  and  add  other  facts 
which  are  of value  for  a  proper  understanding  of  the  various  pro- 
teose intoxications. 
Methods. 
Dogs were used in all the experiments.  All operations were done under com- 
plete surgical ether anesthesia with  the usual  aseptic  technique.  The  various 
procedures for  the collection of  urine, analysis, etc.,  are  described in detail  in 
the preceding paper. 
x  Whipple,  G. H., and  Cooke, J.  V.,  J. Exp.  Med.,  1917, xxv, 461. 
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EXPERIM]~NTAL OBSERVATIONS. 
Dog 16-110.--(Table I.)  Strong,  black  cocker spaniel;  adult  male3 
Feb.  15,  and  Feb.  21,  1916.  Proteose  injections  were  given  as  described. 
Both caused a definite intoxication, but the second dose was larger without caus- 
ing any more marked intoxication,  an evidence of established tolerance. 
Mar.  29.  The dog is  completely recovered from previous experiments,  and 
should  have a  moderate tolerance or immunity against proteose.  It has been 
established that these dogs survive a  dosed loop for a longer time than a non- 
immune animal (1).  The metabolism experiment was started  and  carried on 
as usual  (Table I). 
Mar.  31.  Ether anesthesia and  operation  to produce the  usual  closed  loop 
of jejunum.  The larger part of the jejunum was isolated,  the ends  turned in, 
and the small intestine united around it by an end to end anastomosis.  Time of 
operation,  1]  hours.  The  dog  made  a  good  recovery,  and  gave no  signs  of 
acute intoxication  as did Dog  16-156  (Table  II).  There was no complicating 
vomiting and little feces. 
Apr.  16.  Dog  shows  no  clinical  signs  of  intoxication.  Visible  peristalsis 
seen for the first time.  This indicates some filling of the closed loop. 
Apr. 20.  Several feedings  (Table I) of sugar and vegetable fat were given to 
study the amount of protein-sparing effected by this means.  These experiments 
and  others  indicate  that  under  this  condition  of  chronic  intoxication  from  a 
dosed loop,  the protein-sparing action of  carbohydrates is less marked than in 
a normal dog. 
May  1.  Condition  unchanged.  Visible  peristalsis  is  not  conspicuous,  but 
it is easy to see.  Intravenous injection of a standard proteose obtained from a 
closed  loop t~f intestine. 
A control dog was given the same dose per pound of body weight with a rapidly 
fatal result.  The autopsy findings  were typical of acute proteose intoxication. 
This dog (No.  16-110)  had the most  marked tolerance  to  proteose 
which  we  have  noted  in  all  our  experiments.  He  also  survived  a 
closed  loop of the  jejunum  longer  than any animal in  a  large series, 
so we may  assume  that  he was highly  tolerant  because of the  con- 
tinued  slow  intoxication  from  the  closed  intestinal  loop.  He  was 
protected  against  the  acute  initial  intoxication  of  the  loop  by the 
previous  injections  of  proteose. 
This lethal  dose of proteose was given  to Dog 16-110 without any 
definite  signs  of  intoxication.  Following  the  injection  there  was 
2 The first proteose injections in this dog are recorded in Table I  of the pre- 
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a  slight  febrile  reaction  and  one  attack  of  vomiting.  The  dog 
passed  soft  feces,  but  there  was  no  diarrhea.  The  pulse  pressure 
was  excellent.  The  elimination  of  nitrogen  in the urine indicates 
the same lack of  definite reaction,  and  we  note only a  trivial rise 
in total nitrogen.  Compare with this the reaction of this dog when 
injected with  a  fraction  of  a  lethal dose of proteose obtained from 
a  case of human intestinal obstruction.  2 
May 6.  Ether anesthesia, operation, and removal of the closed loop of je- 
junum.  The  dog  recovered and  is  in  normal  condition at present.  The 
closed loop contained thick,  pasty material  in  considerable amount.  This 
material was diluted, and preserved for further study.  Total nitrogen of loop 
fluid, 5.21 gin.  This should be compared with the fluid which accumulated rap- 
idly in a similar loop in Dog 16-156 (Table II).  This fluid  was more abundant 
as the  loop was longer and  more acutely distended (Dog 16-156), yet it con- 
tained only Z21 gm. of nitrogen.  The relative toxicity of the two materials has 
not as yet been tested. 
The loop shows an intact mucosa, which in general is pale, but shows a few 
indefinite areas of  slight  congestion.  Microscopic sections show  a  normal 
mucosa which is covered with a dense gelatinous layer of material containing 
a few degenerated cells and nuclear particles, but for the most part is homo- 
geneous, like gelatin.  This is the thick, adherent loop material which is so rich 
in the toxic proteose.  The villi and epithelial cells covering the villi are normal. 
The  preceding  experiment  (Dog  16-110,  Table I)  merits careful 
consideration  for  several  reasons.  Reference  to  the  first  proteose 
injections in this dog  s shows the usual reaction to proteose and some 
evidence of  immunity or  tolerance  to  the  second injection. 
1 month later, after complete recovery, this dog was operated upon, 
and a closed loop of jejunum produced.  It is well known that these 
dogs suffer a  characteristic intoxication, and it has been shown also 
(1)  that  dogs  previously injected with proteose are less susceptible 
to the acute intoxication of a closed intestinal loop.  Dog 16-110 with 
a  closed intestinal loop showed a  chronic type of intoxication rather 
than the acute reaction usually seen in non-immune dogs, presum- 
ably due in part  to  the proteose injection 1 month before  compare 
the  acute intoxication of  the  next experiment (Table II) in  a  non- 
immune dog. 
The clinical signs of proteose intoxication in Dog 16-110 are slight 
or absent, and the curve of nitrogen elimination is of considerable in- 482 
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TABLE  I. 
16-110.  Long  Closed  Loop  of  Jejunum.  Total  Nitrogen 
Immune to Proteose. 
II 
Elimination. 
Urge. 
3 
4 
5 
6 
7 
8 
9 
I0 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
Total  Amount. 
nitrogen. 
gm.  c¢. 
2.20  200 
1.99 
Feces 
nitrogen. 
0 
0.31" 
2  Long loop of jejunum isolated. 
Weight. 
lbs. 
26.63 
26.13 
Rema~s. 
Fasting previous 3 days. 
150 
600 
6OO 
455 
460 
400 
515 
540 
410 
44O 
565 
370 
460 
425 
450 
450 
4O0 
405 
335 
345 
295 
455 
355 
390 
355 
465 
0 
0.17 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.3~ 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.14 
0 
0.1( 
-4- 
0 
26.13 
25.06 
24.44 
24.19 
23.88 
23.44 
23.31 
22.75 
22.56 
22.44 
22.19 
21.94 
21.81 
21.31 
21.25 
20.88! 
20.69 
20.5~ 
20.44 
20.5£ 
20.5£ 
20.19 
20.0 
19.81 
19.6~ 
19.44 
19.0~ 
Temperature 38.8°C. 
Vomitus in urine. 
No vomitus. 
Temperature 38.6°C. 
,,  38.5 ° ,, 
Clinically normal. 
Wound firm. 
Wound swollen. 
Intestinal peristalsis visible. 
4 p.m.  Fed 50 gm. of milk sugar,  100 
gin. of vegetable fat ("Crisco"). 
Fed milk sugar and fat. 
4  p.m.  Fed  15  gin. of milk sugar, 40 
gm.  of vegetable fat  ("Crisco"). 
12 m. 100 gin. of milk sugar by stomach 
tube. 
Diarrhea. 
4 p.m.  50 gin. of cane sugar by stom- 
ach tube. 
* Feces  and  cage washings. G.  H.  WHIPPLE,  J.  V.  COOKE,  AND  T.  STEARNS 
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Day. 
31 
32 
33 
Urine. 
Total  Amount. 
nitrogen. 
grn.  c¢. 
1.83  750 
1.65  740 
1.68  272 
Feces 
nitrogen. 
g~. 
0 
Weight. 
Ibs. 
19.0 
18.94 
18.56 
Remarks. 
1  p.m.  50 gm. of dextrose by stomad 
tube. 
Visible peristalsis in abdomen. 
33  Proteose from intestinal loop.  Control dose fatal for normal dog. 
34 
35 
36 
37 
38 
1.93 
2.24 
2.24 
2.21 
1.88 
450 
320 
320 
335 
265 
0.53 
0 
0 
0 
0 
18.06 
17.69 
17.44 
17.13 
Temperature 38. I°C. 
,,  38.3 ° ,, 
Temperature 38.2°C. 
38  Closed loop of intestine resected.  Loop contents total nitrogen 5.21 gin. 
39  1.64  I  160  ]  --  [  16.19  Recovery. 
terest.  There  is  a  sharp  initial  rise  following  the  operation,  but 
then  a  gradual  fall  toward the normal base-line  elimination which 
is  reached at  the end of the 3rd week.  A  part of the initial rise is 
due to the wound reaction, and this is accurately controlled in Table 
VI,  where the same dog after a  considerable interval with recovery 
to  normal  was  used  for  a  control  laparotomy  experiment.  The 
greater  part  of  the  rise  in  urinary  nitrogen  above  the  base-line 
(Text-fig.  1)  is  due to  the  intoxication  associated with  the  closed 
loop  of jejunum. 
During this entire experiment, the dog was fasting.  He returned 
to  a  normal or almost normal base-line nitrogen elimination during 
the  3rd week.  There  are no  clinical  signs  of intoxication,  but  we 
note  the  presence  of  peristalsis  in  the  abdomen--a  sign  that  the 
loop is filling up.  Sugar and fat feeding suggest an abnormal con- 
clifton in this dog (Table I); they do not depress the curve of nitro- 
gen elimination as in normal controls.  There is not the same pro- 
tein-sparing  action.  These  experiments are merely suggestive,  and 
more detailed work now in progress is required to clear up this point. 
It is possible that these experiments may throw light on the subject 
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Finally a  lethal  dose of proteose was given to this dog with little, 
if any,  clinical  reactions  and  a  trifling  rise in  the  curve of nitrogen 
elimination.  This  indicates  a  maximum  tolerance  for  proteose 
which could scarcely arise except following a  long continued  chronic 
proteose  intoxication.  We  assume  that  the  presence  of  the  closed 
intestinal  loop  was  responsible  for  this  chronic  intoxication,  which 
gave  this  dog such  a  high  degree of tolerance  to proteose injection. 
An occasional injection  of proteose will give a  certain  degree of tol- 
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TEXT-FIG.  1.  Closed loop of jejunum.  Total  nitrogen  elimination  of im- 
mune  and  non-immune dogs. 
erance, as is seen in the first experiments on this dog, but this toler- 
ance  or immunity  is relatively slight  and  transient  (1),  and  cannot 
explain such a  degree of protection as is noted after this injection of 
a  lethal  dose of proteose. 
Table II (Dog 16-156) gives a good example of the nitrogen elimina- 
tion and intoxication which may follow an experimental  closed intes- 
tinal loop in a normal, non-resistant dog.  It should be noted that the 
nitrogen  elimination  rises  well  over  100  per  cent  above normal,~ 
almost  200  per  cent  above  the  normal  base-line  on  1  day.  The G. H. Vv'HIPPLE, J.  V. COOKE, AND  T. STEARNS  485 
complicating wound infection was present only during the last 2 days, 
and may have helped a  little in the acute intoxication which was more 
rapidly  fatal  than  usual. 
TABLE  If, 
Dog  16-156 (Non-Immune).  Long Closed Loop of Jejunum.  Total Nitrogen 
Elimination. 
Day.  I 
Urine. 
4 
5 
6 
7 
8 
9 
10 
11 
n~ °~n.  Amount. 
;m.  ¢¢. 
1.85  40 
1.29" 
1.68  70 
~eceB 
nitrogen. 
gm, 
0 
0 
3  Long loop of jejunum  isolated. 
Weight. 
13.75 
13.56 
13.31 
Remarks. 
Fasting  previous 4 days. 
Some urine lost. 
2.27 
4.48 
5.21 
4.84 
4.76 
4.45 
4.64 
1.13 
515 
650 
1,260 
235 
150 
125 
130 
80 
0.43' 
0 
0 
0 
0 
0.89* 
0 
0 
12,44 
12.06 
12.00 
11.81 
11.50 
11.06 
10.75 
Vomitus in urine.  Temperature  39.2  ° C. 
Some urine lost.  Temperature  38.6  ° C. 
Vomitus in urine. 
No vomitus.  Infected wound. 
"  "  Temperature  37.9  ° C. 
Died during previous night. 
* Feces and  cage washings.  Loop contents  total nitrogen  2.21  gin. 
Dog 16-156.--(Table  II.)  Fox-terrier;  adult  male. 
May 9,  1916.  Metabolism experiment started (Table II). 
May  12.  Ether  anesthesia  and  operation  to produce  the  usual  dosed  loop 
of intestine.  The better part  of the jejunum  was isolated, the ends turned in, 
and the small intestine united around it by means of an end to end anastomosis. 
Time of operation,  1½ hours. 
May  13-14.  The dog shows a  good deal  of acute  intoxication,  and vomits 
repeatedly.  Wound looks well. 
May  15-16.  Intoxication  still  marked. 
May 18.  Wound is somewhat infected, and the skin edges are broken down. 
May  19.  Dog  is  sick  and  temperature  falling.  Died  in  night.  Autopsy 
next morning.  The abdominal wound shows superficial infection, but the deeper 
layers are clean.  The peritoneum is clean, but there is a  slight excess  of fluid. 
Thorax, heart, and lungs are all normal.  Liver and kidneys show cloudy swell- 
ing.  Spleen  is  small.  Urinary bladder is empty,  and shows no inflammation. 
The entero-enterostomy is patent  and  well  healed.  The gastro-intestinal  tract 
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The  loop  of  jejunum measures  107  cm.  in length.  It  is  acutely distended 
and deep  red.  It  contains 155  cc.  of  thick,  slimy, reddish slate-colored fluid. 
The mucosa is reddish and velvety throughout.  The ends of the loop are well 
closed.  The loop fluid contained 2.21 gin. total nitrogen.  The loop of intestine 
produced in this experiment (Table II) is similar to that of the preceding experi- 
ment (Table I).  This dog (No. 16-156)  was normal, and had received no proteose 
injections.  Perhaps partly because of this he developed an acute intoxication, 
which rapidly led to a fatal termination.  Table II contrasts the relatively  acute 
intoxication with the more chronic poisoning noted in Table I  in the dog which 
had been previously injected with proteose. 
TABLE  III. 
Dog  16-129.  Duodenal Obstruction.  Total Nitrogen Elimination. 
Day. 
Urine. 
5 
6 
7 
8 
9 
10 
I1 
Nitrogen.  Amount, 
g~.  CO. 
1.75  80 
1.65  150 
1.79  80 
1.62  80 
Feces 
nitrogen. 
gr~. 
0 
0 
0 
0.50 
Temper- 
ature. 
--V-c. 
Veight. 
lbs. 
16.06 
15.75 
15.62 
15.31 
4  Duodenal obstruction.  Gastrojejunostomy. 
Remarks. 
Fasting previous 4 days. 
2.38 
3.95 
4.87 
4.76 
4.84 
4.90 
3.44 
R* 
800* 
4-00* 
4-05* 
270* 
165" 
38.4 
38.5 
37.9 
37.3 
37.5 
36.4 
14.44 
14.06 
13.75 
13.44 
13.0 
12.56 
12.06 
Good recovery. 
Definite intoxication. 
Sick. 
Little vomitus. 
Subcutaneous abscess. 
11  Killed.  Autopsy performed at once.  Blood  non-protein nitrogen, 158 
mg.  per  100  cc. 
* Vomitus and  cage  washings. 
Dog  16-129.--(Table  III.)  Active, young fox-terrier; male. 
Mar.  11,  1916.  The  dog  had  recovered  from  a  mild  attack  of  distemper. 
He was given a  proteose injection of standard material prepared as usual from a 
closed  loop of intestine.  There were a moderate temperature reaction and some 
evidences of intoxication. 
Apr.  8.  The dog is in good  condition (Table III). 
Apr.  11.  Ether anesthesia and operation as usual to produce duodenal ob- 
struction.  Time of  operation,  1½  hours.  The  jejunum about  1  inch beyond G.  It.  WHIPPLE~  J.  V.  COOKE,  AND  T.  STEARNS  487 
the duodenojejunal junction was cut across, and the upper end closed by inver- 
sion.  The lower cut end was joined to the  stomach, and  a  gastrojejunostomy 
performed as usual. 
This dog (No.  16-129)  shows  an  acute  intoxication  following  this  type  of 
duodenal obstruction with  gastrojejunostomy.  The  picture  is  somewhat com- 
plicated by an infected abdominal wound with an abscess developing just before 
death. 
Apr. 18, 1 p.m.  Dog is very sick.  Ether anesthesia and bleeding from carotid. 
The blood shows 158 mg. of  non-protein  nitrogen  per 100  cc.  and  70 rag. of 
urea nitrogen--or 44 per  cent  of total  nitrogen. 
There is  an abscess in the  subcutaneous tissue near  the wound.  It extends 
toward the costal margin, and contains 3 to 5 cc. of pus.  There is little edema, 
and the edges of the wound are closed and well healed.  The peritoneum is clean 
and  moist.  The  thorax,  heart,  and  lungs  are  normal.  The  liver,  pancreas, 
spleen,  kidneys,  and  bladder  show  nothing  of  importance.  The "stomach  is 
slightly  dilated,  and  contains  bile-stained  fluid.  The  gastrojejunostomy  is 
patent, and the small intestine shows slight congestion only.  The stomach shows 
several superficial erosions not over 0.5  cm. in diameter,  one in the antrum and 
two  close  to  the  gastrojejunostomy.  The  duodenum  is  slightly  dilated  with 
bile-stained  fluid.  Its mucosa is intact but slightly congested.  The lower end 
is well closed. 
Dog 16-136.--(Table IV.)  Black cocker spaniel; adult female. 
Mar.  21,  1916.  Splenectomy done as usual; rapid recovery. 
Apr.  17.  Experiment begun; the details  are recorded in Table  IV.  Dog in 
normal condition.  Fasting for previous 3 days. 
Apr.  20.  Ether  anesthesia  and  operation  as  usual  to  produce  a  duodenal 
obstruction at the junction of the duodenum and jejunum with a gastrojejunos- 
tomy.  The operation was identical with that in the preceding experiment (Dog 
16-129); duration  1½ hours. 
The clinical course of this animal is less acute than the preceding, and there 
are several  days which show no vomitus,  and  give confirmatory data  to show 
that  the loss of nitrogenous material  in the vomitus is  slight,  and can be neg- 
lected without introducing  an appreciable  error. 
May  4,  2  p.m.  Died.  Autopsy  performed  at  once.  The  serous  cavities 
are  negative.  The parenchymatous organs show nothing of importance.  The 
stomach and  duodenum are  somewhat  distended,  and  show an intact  mucosa. 
The  gastrojejunostomy shows a  large  opening,  and  is efficient.  The  dog died 
from simple intoxication  with  no  complicating factors  except  the  splenectomy 
which will not be  discussed  at  this  time. 
The  two  preceding  experiments  (Tables  III  and  IV)  deal  with 
a  type  of  duodenal  obstruction  which  is  of  considerable  value  in 
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TABLE  IV. 
Dog 16-136.  Duodenal Obstruction.  Total Nitrogen Ellminalion. 
E .y. 
Urine. 
Nitrogen.  Amount. 
gin.  cc. 
1.98  100 
1.65  110 
1.93  154 
Temper- 
ature. 
°C. 
Weight. 
~$. 
22.75 
22.56 
22.31 
Remarks. 
Splenectomy  previously. 
3  Duodenal obstruction.  Gastrojejunostomy. 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
17 
2.74 
2.98 
5.17 
4.62 
3.63 
3.64 
4.14 
3.19 
4.42 
2.74 
2.49 
3.30 
3.33 
1.42 
300 
800* 
500* 
180" 
250* 
150 
330* 
300 
231 
285 
245* 
240 
250 
175 
38.3 
38.0 
37.9 
38.3 
38.1 
38.1 
37.3 
36.8 
35.8 
21.75 
20.68 
20.75 
20.31 
20.05 
19.811 
19.38 
19.19 
18.62 
18.25 
17.94 
17.56 
17.25 
17.0 
Good recovery. 
Vomitus. 
Little vomitus. 
c¢  cg 
No vomitus. 
Little vomitus. 
No vomitus. 
~c  C¢ 
Cg  C¢ 
Little  vomltus. 
A little feces. 
No vomitus. 
Died; autopsy. 
* Vomitus and  cage  washings. 
junction in a  dog will lead to a  fatal outcome usually in from 3  to 
6 days with much vomiting and loss of fluid.  The type of duodenal 
obstruction used here (Tables III and IV) gives a more chronic form 
of intoxication  with  little  vomiting and  loss  of flnid--a condition 
much more desirable  for  experimental work.  A  complete obstruc- 
tion  of the  duodenum is  effected at  its  lower end by section and 
inversion of the intestine.  The jejunum is  joined  to  the  stomach 
by  a  gastrojejunostomy, which  allows  fluid  from  the  stomach  to 
escape into  the small intestine,  and has much to do with the pre- 
vention of vomiting and the consequent loss of body fluids.  There 
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tion, as we see from an examination of Tables III and IV.  Under 
these conditions a  dog may live from 1 to 3 weeks, and show little 
tendency to vomit, yet there are definite signs of intoxication, and 
such dogs can be shown to have a  definite tolerance to proteose in- 
jections, as was shown in the case of closed loop experiments (Table I). 
Both experiments show a great rise above the base-line of nitrogen 
elimination in  the urine.  The first experiment (Dog 16-129, Table 
III)  shows a  more acute course and  a  higher nitrogen curve.  The 
second experiment  (Dog  16-136,  Table  IV)  shows  a  more  chronic 
intoxication  and a nitrogen curve which is quite high and sustained 
considerably above normal up to the end.  The second experiment 
shows little loss of fluid by vomitus, and gives a pretty good control 
of this factor. 
Tables  V  and  VI  give  the  necessary  controls  for  the  operative 
procedures employed in the preceding experiments.  Similar experi- 
ments to control ether anesthesia and simple laparotomy have been 
done with identical results, and need not be reported. 
TABLE  V. 
Dog 17-10 (Normal).  Laparotomy Control.  Total  Nitrogen Elimination. 
D  V. 
Urine. 
Total  Amount.  nitrogen. 
g~$.  CO, 
1.99 
2.07  64 
1.95  60 
Feces 
nitrogen. 
gm, 
0 
0 
0 
Tempera- 
ture. 
°C. 
38.3 
38.3 
38.3 
Weight. 
Ibs, 
17.0 
16.63 
16.44 
Remarks. 
Fasting previous 4 days. 
3  Laparotomy control (midline).  Ether for 30 minutes. 
4 
5 
6 
7 
8 
9 
10 
11 
12 
2.81 
3.14 
2.85 
2.52 
2.32 
2.36 
2.50 
2.09 
1.96 
270 
165 
135 
90 
70 
70 
100 
95 
92 
38.9 
38.6 
38.7 
38.6 
38.7 
38.2 
38.1 
38.1 
38.3 
m 
15.94 
15.63 
15.38 
15.31 
15.0 
14.75 
14.69 
14.38 
Little vomitus. 
Wound edematous. 
Wound healing well. 
Wound firm. 
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TABLE VI. 
Dog 16-110.  Ether Anesthesia  and Laparotomy  Control.  Total Nitrogen 
Elimination. 
Day. 
Urine. 
Total  Amount. 
nitrogen. 
8 
9 
10 
11 
12 
13 
gin.  ¢¢. 
2.11  210 
1.97  ~  230 
1.75  188 
Feo~ 
nitrogen. 
gm. 
0 
0 
0 
Temper- 
ature. 
*C. 
38.9 
38.2 
Weight. 
19.5 
19.13 
19.06 
Remarks. 
Fasting previous 10 days. 
3  Surgical  anesthesia.  Ether for 1 hour. 
4  2.27  250  0  38.0  18.75  Good  recovery. 
5  1.69  195  0  37.9  18.25 
6  2.00  215  0  38.0  18.06 
7  1.89  220  0  37.9  17.94 
7  Laparotomy control.  Rectus  incision.  Ether for 30 minutes. 
2.58 
2.55 
2.39 
2.23 
1.93 
2.00 
200 
365 
340 
275 
235 
270 
0 
0 
0 
0 
0.22 
0 
37.7 
37.8 
37.8 
37.3 
37.7 
17.56 
17.50 
17.06 
16.88 
16.69 
16.44 
Good recovery. 
Diuresis. 
Wound slightly swollen. 
Wound firm. 
Normal. 
Ether  anesthesia  for  1 hour causes only a  trivial  rise  in  the  curve 
of nitrogen elimination in the urine.  In some cases the increase may 
be  so  slight  as  to  be  doubtful,  and  fall  within  the  fluctuation  due 
to  the  methods  of  collection  and  analysis. 
Laparotomy was  done in  the  usual  manner,  either  in  the  midline 
or  through  the  rectus.  A  few  coils  of  intestine  were  brought  out 
and  handled  as  in  preparation  for  an  intestinal  anastomosis.  The 
incision  was  closed  by  silk  and  catgut,  as  in  the  other  operations. 
The  total  increase  in  urinary  nitrogen  above  the  base-line  after  a 
laparotomy  corresponds  closely  to  the  same  rise  noted  after  the 
injection  of a  single  dose  of toxic proteose.  3  We  may assume  with 
considerable certainty that the injured  tissue which results  from the 
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incision and closure by  ligatures plus the slight bacterial infection 
of the clean wound can cause a suitable disintegration of tissue pro- 
tein  to  form certain  toxic split products which are  responsible for 
this general reaction. 
Histologically we  may  recall  that  a  wound healing per primam 
is in reality a  thin linear abscess with all the ingredients of the true 
abscess--tissue necrosis, skin bacteria, and  wandering cells.  There 
is no massing of cells sufficient to produce gross evidence of tissue and 
cell solution (pus), but we know that  the injured cells go to pieces 
in  the wound, and are  removed by  solution or phagocytosis.  We 
may assume that this process is capable of forming various protein 
split products--probably among others a  little toxic proteose which 
may be in part responsible for the general reaction and the increase 
in nitrogen elimination. 
We may anticipate a  report to appear in the near future dealing 
with various types of abscess,  and say that this reaction produced 
by a clean wound is multiplied several times by an abscess reaction; 
but in all essentials the reactions are alike, the difference is merely 
quantitative.  Further,  it is  possible  to  isolate  toxic  proteose-like 
substances  from  the  pus  of  these  abscesses. 
DISCUSSION. 
The experiments described above throw some light on the intoxi-- 
cation  which  appears  in  association  with  isolated  intestinal  loops 
or intestinal obstruction.  There is  a  great increase in  the urinary 
nitrogen above the fasting base-line level, and this rise in nitrogen 
elimination is in  general proportional to  the  severity  or  acuteness 
of  the  intoxication. This  great  increase  in  urinary  nitrogen indi- 
cates  a  considerable breaking down  of  body protein,  and  this  de- 
struction of protein is probably an important part of the intoxication. 
This  explains in  great measure the rise  of non-protein nitrogen in 
the blood which has been observed in these conditions (2). 
Tolerance or immunity to proteose intoxication develops in these 
experimental conditions (closed loops or intestinal obstruction)  and 
with this tolerance we note a tendency for the nitrogen curve to fall 
toward normal (Table I).  Dogs that have been injected repeatedly 
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injury and  a  lower curve of nitrogen  elimination 4 than  normal  con- 
trols.  These  dogs  are  tolerant  to  proteose injections,  and  also are 
much  more  resistant  to  the  intoxication  following  intestinal  ob- 
struction  or  closed intestinal  loops. 
In Tables V and VI  there  is  evident  a  definite  diuresis  which de- 
serves some consideration.  This diuresis is observed too,  after  single 
injections  of proteose,  but is. effectually masked  by the  vomitus in 
the obstruction  experiments.  These  dogs had  access to water at all 
times, and in the main the observations indicate simply an increased 
thirst.  Perhaps  we may say the  tissues  craved  water.  In  order  to 
determine whether there is actual retention of fluid  during periods of 
acute intoxication and elimination of this excess during later periods, 
we must perform more carefully controlled intake  experiments  with 
sufficiently  chronic  intoxication  so  that  there  may  be no  tendency 
to  vomit.  We  have  submitted  some  evidence  in  the  preceding 
paper  to show that  in  acute proteose intoxication  the  body protein 
takes  up  water  from  the  blood.  If recovery  takes  place,  we must 
assume that  this  excess water will be thrown out by the body cells. 
The  thirst  noted  in  these  intoxications  may  be  one  sign  that  the 
proteins  of  the  body need  more  water.  This  delicate  balance  be- 
tween  the  cell  protein  or  colloids  and  the  water  of  the  blood will 
require much more study before we have an intelligent  understand- 
ing  of a  few of  these  important  phenomena.  The  proteose intoxi- 
cations,  too,  may offer a  valuable means  for further  study of these 
phenomena. 
Table I  gives some data on the protein-sparing  action of carbohy- 
drates  and  fat in  a  chron.ic, intoxication  associated with  an  isolated 
intestinal  loop.  These  few  preliminary  observations  merely  sug- 
gest  that  the protein-sparing  action of carbohydrates  and  fat is not 
so definite in chronic proteose intoxications as in normal fasting dogs. 
We hope to report further on this point, and there are obviously many 
possibilities  which  will  call  for  further  experimental  work.  These 
conditions  of  proteose  intoxication  do  not  show  any evidence  of 
acidosis. ~ 
4 See Text-fig. 1 of the preceding paper. 
6 Certain of these experimental animals were included in a series of observa- 
tions made by Dr. Whitney, and will be reported  by him in detail in a separate 
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Dogs with isolated loops of small intestine show many evidences 
of intoxication.  A  study of the total nitrogen elimination shows a 
great rise above the normal base-line minimum of the fasting period 
(Table  II).  This means that the intoxication is  associated with a 
great destruction of body protein, and explains the high non-protein 
nitrogen of the blood which was observed and reported previously (2). 
Injection  of  a  proteose  obtained  from  a  closed  intestinal  loop 
will  cause  a  similar  rise  in  the  nitrogen  elimination  curve.  This 
furnishes more evidence that the intoxication observed in association 
with a  closed intestinal loop is in reality a  proteose intoxication. 
Dogs injected witk sublethal doses of proteose will show a definite 
tolerance  to  subsequent injection,  and  will  show  much less  acute 
intoxication after  the isolation of a  closed intestinal loop (Table I). 
These immune or  tolerant dogs show a  much less  pronounced rise 
in  the  nitrogen  elimination  curve  during  proteose  intoxication  of 
any  type.  This  indicates  that  the  tolerance  or immunity to  pro- 
teose  gives more protection  for  the  body proteins  against  the  in- 
jury which these toxic proteoses inflict upon the body cells. 
Complete duodenal obstruction combined with a gastrojejunostomy 
gives  a  chronic type  of intestinal obstruction associated with little 
vomiting, which is peculiarly suited to metabolism study (Table IV). 
Such  duodenal obstructions  show  a  definite  and  sustained  rise  in 
the curve of nitrogen elimination above the normal base-line level. 
These dogs, too, are tolerant to injections of standard toxic proteoses. 
Control ether anesthesia experiments show little if any rise in .the 
curve of nitrogen elimination (Table VI). 
Control laparotomy experiments show a  definite rise in the curve 
of nitrogen elimination, but a rise which is small compared with the 
rise noted in the intoxication of duodenal obstruction or of isolated 
intestinal loops.  It is probable that  the tissue injury and disinte- 
gration associated with the  wound  reaction  are  responsible for the 
general reaction.  We may assume that protein split products from 
the  wound  area  are  absorbed  and  are  responsible for  the  general 
reaction observed. 
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associated  with  a  definite  proteose  intoxication,  which  is  capable 
of initiating and continuing a profound injury of tissue protein.  One 
index  of  this  protein  injury  is  the  great  and  sustained  rise  in  the 
curve  of  total  nitrogen  elimination. 
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